A polymerase chain reaction with sequence-specific primers (PCR-SSP) system using primers with mismatches at the 3 ′ ends was developed to determine polymorphisms in IL-10 promoter region. Three previously described biallelic polymorphisms in IL-10 were linked in a 12 reaction PCR-SSP system and the method used to provide genotype data on 233 UK and 166 Polish controls. There are eight possible polymorphic combinations in IL-10 promoter gene but only three were observed in both control groups. Population frequencies of IL-10 genotypes show, in contrast to HLA, that UK and Polish frequencies are remarkably similar. Genes and Immunity (2000) 1, 321-324.
Introduction
The interleukin-10 (IL-10) gene has been mapped to chromosome 1. 1 Comparisons of four published sequences of IL-10 promoter (Platzer et al., accession in GenEMBL database no. Z30175; Rumbyrt et al, U06844; Kube et al, X78437; Platzer et al, X73536) showed six differences at positions −1082, −819, −652, −592, −127 and −41, (numbered from the start codon site) giving candidate loci for biallelic polymorphisms. One of the first biallelic polymorphisms in IL-10 promoter region was identified at the −1082 position by Tounas et al. 2 Three biallelic polymorphisms at positions −1082, −819 and −592 have been described by single-strand conformational polymorphism (SSCP) analysis and direct sequencing by Turner et al. 3 We have re-analysed all six biallelic candidate loci by PCR-SSP and found only three polymorphisms; at positions −1082, −819, −592. Thus the known biallelic polymorphisms within the IL-10 gene are 263 bp, 227 bp and 490 bp apart making a PCR-SSP system using a 3′ mismatch, both in the forward and reverse primers, feasible. The advantage of this strategy is that polymorphisms are physically linked through PCR and that haplotypes can be determined unequivocally without the need of familial data. We report a 12 reaction system based on 3′ mismatches in the forward and reverse primers to genotype the IL-10 promoter region and its use in genotyping 233 UK and 166 Polish controls. 
Results

Polymorphism investigation
In an initial study involving 10 controls, we used PCR-SSP with 3′ mismatches in the forward and reverse primers to analyse six candidate polymorphic loci according to published IL-10 sequences at position −1082, −819, −652, −592, −127 and −41. We identified three biallelic polymorphisms at positions −1082, −819 and −592. The first polymorphism at position −1082 is a G to A substitution, the second at position −812 is C to T substitution and the third at position −592 a C to A substitution. No polymorphisms was found at position −652, −127 and −41.
Haplotypes
With a defined PCR-SSP system employing 12 reactions with 3′ mismatches in the forward and reverse primers physically linking three biallelic polymorphisms, we identified only three IL-10 haplotypes ( Table 1) . Examples of observed haplotypes are shown in Figure 1 .
Frequencies of IL-10 allele or haplotypes in 233 UK and 166 Polish controls are presented in Table 2 and Table 3 . There was no significant difference of examined allele or haplotype frequencies between both controls groups. The haplotype IL-10 GCC was found to be the most frequent in both controls groups (50% vs 52%). The haplotype IL-10 ACC showed a tendency to be more frequent in Polish controls than UK controls (28% vs 23%), whereas the haplotype IL-10 ATA was more frequent in the UK controls group (25% vs 22%). These differences in haplotype frequencies between the UK and Polish controls did not reach statistically significant values.
Discussion
We have developed a PCR-SSP typing system employing 12 reactions, with 3′ mismatches in the forward and reverse primers, physically linking the three biallelic polymorphisms in the IL-10 promoter. The method was used to genotype 233 UK and 166 Polish controls. Only three IL-10 haplotypes were present in examined controls groups. Analysis of allele or haplotype frequencies provides evidence that there are no significant differences between Polish and English controls. The genotype and haplotype frequencies are consistent with the previously published studies in which SSCP analysis and direct sequencing of the promoter region between −528 and −1115 was performed. 3 The advantage of the method used in this present study is that it is cost-effective and highly specific. Each internal haplotype was represented by three positive PCR reactions and thus each polymorphism was tested twice. This provides an in-built control for the occurrence of false positive and false negative results. The method is immediately expandable to include assays for polymorphisms in cytokines that act in concert with IL-10, for example TNF␣ and LT␣. 4 The importance of identifying physically linked IL-10 haplotypes is evidenced by results from IL-10 promoter deletion studies, 5 which have shown that not only deletion of regions of the IL-10 promoter between −1200 and −1000 are associated with decreased gene activity but also those between −750 and −350. The functional effect of the region between −1200 and −1000 was confirmed by the observation that allele A, at position −1082, was associated with lower IL-10 protein production. 3 The allele lies within an ETS-like recognition site 5 and may therefore affect the binding of this transcription factor, which has been shown to act as a negative regulator of IL-2 production. 6 Another recent report supports the hypothesis that IL-10 protein production is largely under genetic control by showing that heritability in monozygotic twins is 0.75 for the production of IL-10. 7 All these observations emphasise the need for an efficient PCR system, capable of identifying those patients or transplant recipients carrying IL-10 haplo- Table 4 The sequences of the primers used in PCR-SSP method developed to analyse IL-10 promoter polymorphisms. C1 and C2 are control primers specific for exon 3 sequences in HLA-B which were used for HLA phototyping Genes and Immunity types associated with lower IL-10 production that may benefit from specific cytokine modulation therapy. In summary, a method for genotyping IL-10 has been developed using 3′ mismatches in both forward and reverse primers. The 12 reactions were developed such that they could be carried out using PCR protocols and parameters identical to those already reported for related cytokines and HLA phototyping. 4, 8 The method is simple, robust and cost-effective and may be easily employed in laboratory practice to identify those individuals, who may be predisposed to low or high production of IL-10 protein. It is, however, somewhat limited by the distance between any two polymorphisms. Thus whilst we have been successful in linking polymorphisms up to 10.4 kb apart by modifying the conditions we can only use the existing procedure up to 1.5 kb.
Materials and methods
Controls
A group of 233 unrelated UK controls: 52 healthy volunteers (18 females; 34 males) belonging to the Oxfordshire population and 181 cadaver donors (69 females; 112 males) from Oxford Transplant Centre, Churchill Hospital, UK, and a group of 166 healthy Polish medical students (all men) from Gdansk Region, Poland, were studied. No two members from one family were included. All individuals participating in this study were Caucasian in origin.
DNA extraction
From each patient or healthy control, 4.5 ml of venous blood was collected into a siliconised 'Vacutainer' tube containing 0.105 m sodium citrate. DNA was extracted by a conventional proteinase K (Boehringer Mannheim, Mannheim, Germany) digestion of isolated cells, followed by phenol extraction and ethanol precipitation.
Typing IL-10 polymorphisms
The IL-10 sequence available on Genbank X78437 5 was used to design the primers. The location of three polymorphisms in the IL-10 promoter region were assigned to positions −1082, −819, and −592 relative to the transcriptional start codon. Eight forward and reverse primers with 3′ mismatches (Table 4) were combined into 12 reactions to link these three polymorphic sites (Table 5) . PCR-SSP was carried out in a final volume of 13 l in 8 Primer mixes (5 l) overlaid with 10 l of mineral oil were prepared in advance and stored at −20°C until use. The final concentration of reaction components were as follows: 200 m of each dNTP, primers (as specified in Table 3 The PCR product (13 l) with 10 l of loading dye were loaded onto a 1% agarose gel containing ethidium bromide in 0.5 × TBE. Gels were electrophoresed for 30 min at 200 V/cm 2 . The gels were photographed (b/w) under ultraviolet light (320 nm). The specificity of each reaction is listed in Table 5 . The gel was scored for the presence or absence of an allele-specific band when the PCR control band (796 bp) was present.
Statistical analysis
The frequencies of IL-10 haplotypes were compared between the UK and Polish controls. The statistical significance was examined by chi-square test with Yates' correction. P values less than 0.05 were considered to be significant.
